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MK-82 BOMB CHARACTERIZATION
for the

SYMPATHETIC DETONATION STUDY

by

Roy A. Lucht
and

Lawrence W. Hantel

ABSTRACT

Optical, radiographic, and electronic pin techniques were used to
evaluate the fragmentation of tail- and side-initiated MK-82 MOD 1
general purpose bombs. They were found to contain large voirk,
randomly located from bomb to bomb, in the Tritonal explosive fill.
Characteristics of the void-side performance of the bomb were
found to be as nwch as 100/’ different from the nonvoid side and
were much less reproducible than the characteristics of the
nonvoid side. The data collected will be useful in evaluating
:;ympathetic detonation mitigation systems designed for use with
the bombs.

1. INTRODUCTION

TIIe U.S. Air Force is involved in an insensitive munitions study, part of which
includes an assess rnent of how to prevent sympathetic detonation of stored
conventional munitions by means of mechanical suppressants. The Los
Alamos National Laboratory has been participating in this effort sinco FYI 98(3
with funds provided by AD/XR-3, Eglin Air Force Base, Florida,

The Los Alamos approach to the problem of sympathetic detonation is different
from tllo traditional approach, Traditionally, large-scale tests of bomb arrays
me conducted to statlstlca!ly dgtermlne the efficacy of the proposed soiutlon.
liow~ver, if 20 or more bombs are involved in each test, the cost per test
eliminates the possibility of Iarge-number statistics. In addition, because of the
threshold nature of the sympattletic detonation problem, we cannot infer that
several successful large-scale tests will Hlirninate the possibility of future
system failure, In sympathetic detonation testing, as with all nxplocivcs
sensitivity testing, there IS ;1 reqion of input stirnul(ls over wt]ict? oitt](?r il

detonation or no reaction rll:ly “occur, 1-110sirnplo c;u;(~ of (?xplosiv[? detorl;ltlorl
caLJst?d by fragrnen! impact is Illllstrat(?cj :;(:ll(?lll;ltlc:llly Irl [ ig 1. A fraqnl(?rlt
wItll v(?loclty Ir] tll(? ranqe of VI to v;) m;ly or Irl;ly riot (;;IIJSEIdctor::ltloll or~ :]rly
qlverl (:xpurll]lent, If tt](? vuloclty IS INlow VI, d(?torl;ltlorls do riot occur :Irld If It
l!; (I I)(IV[? V;~, tll[!y illW~ly S occ~lr. A :;r~u~llrlljrllt)(?r of l;lrq~~ :;c:Il(~ to:;t:; (,;lr~rlot I)(!
11:;(?(1[?ff(?(:llv(?ly to (:;llll)r;lt(p ::)[K:I1f!ff(;(:t:; ttI(! I I):; Ali IIII():; iIl)~II(); I(;t) l!; 10

(i(~t(?rl]llr)() tllr(p:; hold v; IIIJ(!:; for (I(plor];]tlorl” Ilorl) v;;rloll:; :;tlrl)(lll, ltl(~r] t]llllq:lliorl



schemes can be evaluated as to their ability to reduce the Input stimuli to well
below the threshold values.

Sympathetic detonation can be caused by a number of processes including
fragmeni impact, shock transmission through a physical suppression system,
or heating caused by physical distortion of acceptor bombs. As a first step tG
evaluating sympathetic detonation of MK-82 systems, we will characterize the
doror to determine the worst-case fragments, shock strengths, etc. The
second step is to determine acceptor thresholds for detonation, and the third
step IS to design and evaluate mitigation schemes for their capability to reduce
the output to values well below the acceptor threshold levels. In this paper, we
report the MK-82 donor characteristics of fragments close to the bomb, where
they could be expected to affect acceptor bomb response.

Il. EXPERIMEtNTAL RESULTS

MK-82 bombs contain about 87 kg of Tritonal explosive (80 wt”/O TNT/20 wi”/~
Al). It is not an ideal system to characterize, from an explosives viewpoint,
because the cast Tritonal fill is not homogeneous and contains large shrinkage
voids. A typical void occupies 3 to 50/0of the explosive cross section and is
lined by TtJT crystals. Tile void was generally within 10 to 25 mm of the bomb
case. To cl~aracterize donor output, it was important to know where the void
area was and to measure what effect it might have on fragment characteristics,
as compared with those produced on the nonvoid side.

Because we needed to establish the void location for each shot, every MK-82
bomb was radiographed before being fired. Orthogonal views were taken to
precisely determine the void location with respect to lifting lugs. The void side
of the bomb was then oriented appropriately for each shot,

Three series of experiments have been completed. The first series consisted
of tail-initiated bombs, in which tests, the primary diagnostic technique was
radiography, The second series used tail-initiated bombs with streak and
image intensifier cameras. The third series used side-initiated bombs and
mdiography. Electronic pins were used on all shots. For the tail-initiated
bombs, the fuze well was packed with 125 mm of Composition C. A detonator
;md a booster were used to deto~ate the Composition C on the bomb axis, For
the side. initiated bombs, a 50-mm-long by 50-mm-diameter cylinder of HMX-
based exploslve was pressed onto the .sIde of the bomb with a thin layer of
PETN based sofl explosIvo used to fill in tho area between thu flat explosivo
cylindc?r face illld the curving C;ise.

A lypIcal stlot ~ntLJp for ttl(} fir:;t sones of (:xpenr:lorlts i: :;llown in f“”ig. 2, At the
filr rlqtlt, b(?hlnd IIle s:lrldb;lg~, aru thu x-ray !I(?ilds ttl; ll opor;lto r(; rnotcly from
th(: M:lrx bank:; (beyorld ttlo pl(:tur(?). 1“11(}~ilr~dbox t(I ttl(? right c(~fltor prot(wts
Ih(? x rny Il(;ild:; ;lrld hold:; I(?ad :;ll;ldos IJ:;od to :;up:lr; lt(? ttlu two bo:lms. I 11(?
I)olnb I:; Irl ttle c(lrlt(?r, Inylrlq orl [l woo(h?rl” tilt)lu w(?ll t)(}low qroulld k)’~f!l, 1[ i:;
s(jrro(lrl(h?(i by silr~dt)ux(!s to prot(!ct [?(~(llpll~(?r~tfrorl~ fr;lqrl~(?r]ts. At 111(]l;l I- loft
,Ir(? tlII! 111111(:i I:; :; I!tf( !:; A :~ll(!(!t of l’l(!xI~li\!i I:i ~)li{(:()(l ilt il 4!)u ;Irlql(! I() tl](l
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cassettes to deflect the blast wave. The sandbags behind the cassettes slow
them after they are launched by the bomb blast.

We were Interested in early bomb-case motion to verify that the bomb
detonated higt] order and to see ;f the initial motion was different on the void
and nonvoid sides. Linear electronic-pin arrays were used to record a phase
velocity down the boinb axis. These pins were located in a straight line on the
outside suriace of the bomb case at known distances from the tail. When the
case started to move because of the shock driven by the detonation wave, the
pins shorted out and produced timing signals. These arrays gave phase
velocities in excess of Tritonal detonation velocity (6.5 mm/ys), which means
that in each case the bomb detonated high order. The velocities were
determined from least squares fits to the distance/time data as shown for Shot
R0643 in Fig. 3.

Because some data sets contained only three or four data points, improved
signal-to-noise ratio was, achieved by combining like data sets and calculating
least squares fits. The results for the nonvoid and void sides are shown in
Figs. 4 and 5, respecti’tely. Circled data points were not included in the fits, A
statistically real difference in the two sides is evident. The phase velocity is 10/0
slower on the vcid side and the wave on the void side is delayed 4 ps at
150 ps, with respect to the wave on the nonvoid side. Although these
differen~b~ ~re real, they are too small to be considered a significant diiferencc
In bofilb performarice.

Hexagonal electronic capped-pin arrays were used on Shots R0646 and
R0647 to record the first few centimeters of bomb case expansion. Seven
capped pins were mounted in a Plexiglas block in a centered-hexagonal
configuration with 12,7 mm being the maximum distance beiw~en pin axes.
The pins in ar, array were staggered radially out from the bomb case with the
first pin touching the case and the last pin aboul 64 mm away. As the case
accelerates radially out, the pins are successively shorted, giving a
distance/tirw profile. Three arrays were used on Shot R0646, all located
635 mm from the bomb tail and at 900 intervals around the bomb (one over the
void area, one 900 around the bomb, and the third 1800 from the void). For
Shot R0647, two arrays were located 635 mm from the bomb tail: one over the
void area and the other 1800 away. The third array was located over the void
but an additional 119 mm down the bomb axis.

Figure 6 shows all data from !he six arrays. The nonvoid data from both shots
are nearly identical, whereas the void data lie on both sides of the nonvoid
data This points nut the early motion shot-to-shot reproducibility problom
created by the inhomogeneous explosivu fill. 1 hese early case motion data
provoked us to atlelnpt several cylind(?r tests with the MK-!32 bomb. Snots
CUJ73 and C!~977 produced excellent data. A smear camera and an image
l[~(~?rlqifi[;r(;:]nl(?r;l :.lrr;ly wer(] ljsud on tx)tll :;l)ots to evaluate c;Ise fnotion
(#ptIcidly, :;lrlllllt;lrl(;()[lsly orl tll[? void and rlonvoid sidt)s ()! the safne I)ofllb.
.Sl)l(!;lr (;;11?1(?11 (I; lt; l from Snot C59”73 :Iru sllowr] in [-iq. 7 illl(j irll:lqo illt(+rl:;ifiur
(:olll(:r:l (Iat;l fronl };1101C!J!l// :17(?shown Ill I“iq. t]. ‘
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Fig. 8. Image intensifier photographs of MK-82 wall expansion (Shot C5977). The nonvoid
side is on the Iert and the void side is on the right.



intensifier frames were also used to determine time and axial positions where
the case ruptured. The frz.~rnentation positions and times were highly variable.
The only conclusion that can be drawn is that fragmentation is highly variable
from point to point on a given bomb and does not correlate wei! with void
position. This conclusion is also indicated by the large variety of fragment
si- JS and shapes obsewed in the flash radiographs. Fragmentation effects
may be dictated more by random flaws in the steel case than by physical
processes in the explosive. Also, once the case breaks at a given point,
adjacent case material is subjected to radically different stresses; thus adjacent
case pieces can fragment at very different radial expansion positions.

Good dynamic radiographs were obtained from five tail-initiated shots. Two
dynamic radiographs were taken of each shot; the first one was taken several
hundred microseconds after the detonator in the bomb tail was fired, a~ld the
second one, a hundred or so microseconds later. The times were chosen so
that the radiographs were taken after the bomb case was completely
fragmented and the maximum fragment velocity obtained. The two
radiographs aliowed us to record the bomb fragments at two distinct times and
displacements, from which the fragments’ velocities could be determined.
Careful geometric measurements and still radiographs wlh fiducials provided
crosschecked position references for the dynamic radiographs.

Figure 10 is an example of the dynamic radiographs (Shot R0649), and
Table 1 lists the data measured from the radiographs. Because the fragments
are from an expanding cylinder, only the leading fragmer]ts radiographed can
be assumed to have a low- or zero- “Z” velocity component. In this Cartesian
coordinate system, the “X” and “Y” components define a vertical plane above
the bomb, where “X” is parallel to the bomb axis, “Y” is vertical, and “Z is
parallel to the direction of the x-ray beam propagation. Thus, for the
radiograph to be useful, it is mandatory that leading-edge fragments can be
identified in both exposures. Because the fragments are irregularly shaped
and tumbling, the cross-sectional areas can be considerably different at the
two times viewed in the experiment. The area values indicate the visibl~ range
of sizes, showing no obvious large difference between the observed fragments
from the void and nonvoid sides.

The radiographic analyses for all the shots included some very small, fast
particles, and some particles well below the leading edge, where they may
have significant “Z” component velocities that cannot be resolved. To
compare void- and nonvoid-:ide performances, only fragments representing
large leading-edge fragment motion should be considered. Because they are
large, these fragments represent the bomb case motion best and have the
most consistent velocities. Thus, an analysis was performed in which the large
leading-edge frag,nents were chosen without regard to their velocities, from all
experiments, and their velocities averaged. The averages included 8
fragments for the void side and 1S for the nonvoid side. The results are

V = 2.215 * 0.005 mm/ps, void, and;
V = 1.947 } 0.018 mm/ps, nonvoid.



Streak camera data can best be displayed on distanceitime plots. This is done
for ~te two most successful shots in Fig. 9. Also displayed in Fig. 9 are all the
hexagonal capped-pin array data. For all early ca,a motion data taken, all
nonvoid-side data were consistent. All void-side data were also consistent
(with somewhat larger scatter) with the exception of the data of Shot R0647,
which fell above the nonvoid data. All other void-side data fell below the
nonvoid-side data. Because the location and size of the void are so
nonreproducible, void-side expansion can be expected to vary greatly from
bomb to bomb and from spot to spot for a given bomb.

The physical processes creating the pressure that drives the bomb case may
be considerably different for the void and rwnvoid sides. One hypothesis is
that the detonation wave is fully supported and creates a high pressure at the
steel case as it passes. This high pressure is maintained by the large bulk of
explosive behind the steel and drives the steel at an initially high acceleration.
The acceleration drops slowly but continuously as the expansion of the
detonation products proceeds and the pressure drops correspondingly. On the
void side, the initially high acceleration should be short lived because the
gaseous detonation products can expand into the void, dropping the pressure.
Case expansion then proceeds at a slower rate for a while. The products
expanding into the void will collide with products from explosive from the other
side of the VGid (the center of the bomb), causing the wave to retiect and the
pressure to increase greatly. This high-pressure region then expands and
catches up to the case, causing significant late-time acceleration. This IS
precisely the behavior seen in the data. All the data (excep! void-sida data
from R0647) show void and nmvoid-side expansion overlapping (i.e., identical
acceleration) for about the first 5 ps. Then the nonvoid side case moves ahead
of the void-side case until about 40 vs. Al”ound 40 MS (depending on the void
geometry of the given shot), the voi&side case experiences higher
deceleration than the nonvoid-side case and eventually passes it up.
Evidence far this is seen in ttre higher fragment velocities measured from the
flash radiographs discussed later in this paper. The x-t trajectories of the void-
and nonvoid-side cases must cross shortly after fragmentation occurs bL!t out of
the smear camera view. If the firsi derivatives are taken of the least squares
fits, velocities can be calculated at 80 ps. Fragmentation has usually occurred
by 80 us, and this is about the limit of where the least squares fit can be trusted.
This was done yielding the following average velocities:

V(8O ps) = 2.14 mm@s, void;
V(8O ps) = 1.92 mm@, nonvoid,

The difference in velocities is about 100/~, which agrees well with the velocities
obtained from the radiographic data. The fragmen? velocities from the
radiographic data are slightly higher than these, which is understandable
because some positive acceleration can be expected even after the case
fragments. Acceleration stops or becomes negative only after the detonation
products pass the fragments and produce equal pressure OrI all sides.

The streak camera data could also be used to determine when the case
ruptured at the slit position (635 mm from the tail). Several of the image
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TABLE I

FRAGMENT AREAS. VELOCITIES. AND ANGLES FOR SHO T R0649

Fragment

M@x

1

2

3

4

5

6

7

8

9

10

11

Film I Area

mz~

21.50

9,19

5.27

3.36

3,20

6,.4b

6,46b

12.56a

0.71

3,22

2.23

Film II Area

d)

21.68

7.86

3,35a

2.70

5.51

4.42b

6,72b

13.72

0.89

S.20

3.43

a (M edge of film.

b Long fragment, arbitrary cutoff pant.

v(x)

from!@

0.25

0,06

0.24

0.29

0.38

0.26

0.50

0.22

0.37

0,24

0,14

v(y) v
fmmki) LmEkw

2,09 2.11

2.17 2,17

1,96 1.97

1,71 1,73

1,85 1.88

1,82 1.84

1.97 2.04

7.21 2.22

2,05 2.09

1.85 1,86

1,84 1,85

V(av) -1,98 ! 0.156 mm/ps

Q(av) -7.77 t 3.3920

0

(S!Q9E.m

6.80

1.67

6.96

9.55

10.9G

7,98

14.18

5,64

10,08

7.33

4.34

Even if velocities two standard deviations closer are considered, the void-side
fragments still have velocities at least 100/~ larger than nonvoid-side fragments.
This agrees well with the streak camera data described above. Although this is
statistically accurate, the difference is not large enough to be a major
consideration when sl]ppressanl systems are designed, because velocities
should be decreased much more than 10°/0 below threshold levels.

Six side-initiated shots havo been fired. Shot setup was almost identical to
that shown in Fig. 2 for the tail-initiated shots except for the initiation scheme.
A high-explosive cylinder (booster) was placed at the center of the bomb
axially and on the side facitlg down (bottom of a bomb lying horizontally). ror
two of these shots, the voids were at the top of the bomb; for three, the voids
were positioned to one side, and for one shot, the voids were at the bottom. In
all experiments, linear pin arrays were used. Each array was positioned on n
side of the bomb parallel to [he bomb axis. Three or four linear arrays were
used In each experiment. For reference, pin angles are measured from tho
bomb axis with vertical up being zero. Thus, pins thd ran along the bottom are
rwferrcd to as ; 800 datn, alo IIq the side (in a horizontal plane tllrouqil tlw
bomb axIs) as 90~ data, and near tlw top of tlm bomb as 20~ to 35~id:lt:l. I’ins
could Ilot be placed alo Ilq Ihe top (0~), because they mi~l~t intc?rfuro wllh I!l(?
r:ldloqlapllic an,alysls. Str;uqllt Iifl[+ dlstarlco:; ttlrouqtl III(! explo:;lvo twtwm!n
tile [?xploslve-bonlh c;]:;(? IIll(?rfac(! ill)ov(? Illr! Imo:;t(!r (1 [KY) ;Ind ilxIal c(!rlf[!r)
;llld [!:ICI1 pill (ilrly ;Illqlu ;Irld ;Ixl; ll (liStilHCl!) wf+r[+ (:ilk:l~lillt?d :Illd pk)ttt!d
v(!r:;us prl ilrr”l V:ll tllll( !:;. Good pill (iiltil wt!r[! oht;llll(!(i Ior f!vt!ry :;l Io1. I 10111



these data, detonation velocity and detonation wave corner-turning effects
could be determined.

The linear pin array data were plotted for each array for all six experiments and
linear least squares fits were calculated. The slopes of the lines correspond to
wave velocities, most of which agree well with Tritonal detonation velocity. For
Shot R0663, the void area was at the bottom of the bomb, adjacent to the
detonation center. This shot failed to detonate, and the pin data showed the
wave dying out away from the initiation point. This failure was probably
caused by the layer of explosive between the bomb case and the void being
too thin to sustain a detonation.

One linear pin array on each bomb ran along the bottom of the bomb (180°
data) past the detonation center. For this configuration, the detonation wave
must turn through essentially 900 before the data can be expected to show
detonation velocity. Thus, the first several points can be exoected to be slow
and show significant scatter. This is just what is observed, If cnly the last
several points are considered, the wave has had sufficient time to turn the
corner wrd cGme up to detonation velocity.

A summary of the slopes from linear pin arrays for all side-initiated bombs
show considerable scatter; however, trends are obvious. in ge]leral, waves
that do not pass throlJgh a void have a velocity near the measured Tritonal
velocity. Waves that do pass through or near a void appear to be faster.
Limited cure sam,pies of a bomb yield significantly varying aluminuci
concentrations in the Tritonal. Specifically, some of the explosive near the void
appears to be almost pure TNT. A detonation wave passing througtl a region
of low alulninum concerdration will be considerably faster than one through a
region of high aluminum concentration, because the TNT velocity is 70/0faster
than Tritonal velocity,

Note that these determinations of velocity are diffsrent than the standard rate
stick experimental tec}lnlque, With the rate stick method, times of wave arrival
[Ire measurwd at dlffc?rent points along a straight Iino. Here, each distance-time
data point represents a different wave direction. Considering this, these data
are remarkably Ilnear



starting time (i. e., delay time) for each wave corresponding to a single data set.
These intercept times were averaged for each group of like data sets (90° data
adjacent to a nonvoid side), and each data set was then shifted a co~starit time
interval so tilat its new intercept was equal to the average, Least squares fits
were then calculated for the entire group of data, An exampie is shown in
Fig. 11. A summary of all the side-ini’iated pin data follows in Table Il.

TABLE II

SIDE-INITIATED PIN DATA

Number of X=O Intercept Velocity

Q@O!&llu Data Points Q@ @@L&

350 nonvoid 22 22.4 6.248
20-350 void 16 21.0 6600
900 nonvoid 28 23.3 6.534
9(30 void 22 30..s 6.717
1800 nonvoid 19 26.3 6.549
1800 void detonation failed

There were 38 data points available for the 1800 nonvoid case; however, only
the latest 19 were used to allo~ the detonation to come up to speed, as shown
in Fig. 12. The time required to attain detorlation velocity explains the large x
intercept for this configuration. l-he only oth,er anomalously large intercept is
for the 900 void case and may correspond to an induction time for passing
through or around the void. However, this is contradictory to the higher
observed velocity for this case. A similar result is not observed for the 20-350
void case probably because, at these angles, tho wave only grazes the void
area. All velocities appear reasonable, although ttle velocity for the 350
nonvold case is smaller than expected.

Useful radiographs were obt;~ined on four side-initiated experiments: two with
the voids up (voids at 00 position) and two with the voids on the side (900
position). The data were analyzed in ttle same way as those for the tail-
Irlitlated experiments. After fragment velocities and areas were determin~d,
leading-edge fragments were selected and their velocities and areas were
averaged for each expurlmcl)t and for the two types of oxpQrirnents giving the
results In Table Ill,
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TABLE Ill

LEADING-EDGE FRAGMENT DATA

R0662 1.91t 0.25 1.51 *1.07 8 Void Up
R0665 1.8’7~ 0.11 2.86 f 1.28 3 Nonvoid Up
R0666 1.85*0.12 6.17 t 2.59 6 Nonvoid Up
R0672 2,23 & 0,28 2.82 t 2.09 9 Void Up

R0662&R0672 2.08 * 0,31 2.21 k ‘.80 17 Void Up
R0665&R0666 1.86 to.11 6.06 f 2.72 9 Nonvoid Up

Fragment sizes are more difficult to evaluate, because only areas of wel!-
defined isolated fragments were measured, whereas areas of fragments in
clusters could not be measured. Thus any conclusions made from averages of
measured fragment areas are subject !O question. The general impression
after viewing the radiographs is that fragment sizes for the tail-initiated case
were about the same size for the void and nonvoid sides; however, for the
side-initiated case, the nonvoid-side fragments are about twice the size of the
void-side fragments The major difference in the experiments is that for the tail-
initiated case, the detonation wave propagation vector is basically parallel to
the bomb case; whereas, for the side-initiated case, it is orthogonal at the
center and moves toward parallel at the ends of the bomb. Why the case
should be more severely shattered in the void-side-initiated case is unknown;
however, it may be due to collision of waves traveling in opposite directions in
the thin section of Tritonal between the case and the void, Also, a subjective
survey of the radiographs shows a larger variety of fragment sizes and
voloclties for the side-initiated cases than was observed for the tail-initiated
bombs. This is reasonable t.wcauso orthogonal waves often causu a plate to
span xi WUII as lragment,

Ill, CONCLUSIONS
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